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INTRODUCTION
Since 2010 we have been studying several caves formed in crystalline limestones and metasomatic silicites of the Štiavnické vrchy Mountains. These caves are located in the Inner Western Carpathians of central Slovakia (Fig. 1 ). This paper presents evidence that these caves are of hydrothermal origin, linked to several phases of the evolution of the Štiavnica stratovolcano. Hydrothermal caves belong to a larger group of caves of hypogene origin indentified on the basis of regional paleo-hydrogeological analysis, morphogenetic analysis of caves, cave sediments and minerals, and geochemical alteration of the host rock during hypogene speleogenesis (Dubljanskij, 1990; Onac, 2002; Klimchouk, 2007 Klimchouk, , 2009 Spötl et al., 2009; and others) . The caves described here contribute to a larger view of genetic variability of caves in Slovakia, which has a varied and complex geological setting. This study presents information about hydrothermal
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Several caves of hydrothermal origin in crystalline limestones and metasomatic silicites were investigated in the central zone of the Štiavnica stratovolcano, Štiavnické vrchy Mountains, central Slovakia. Evidence of hydrothermal origin includes irregular spherical cave morphology sculptured by ascending thermal water, occurrence of large calcite crystals and hydrothermal alteration of host rocks, including hydrothermal clays. The early phases of speleogenesis in the crystalline limestone near Sklené Teplice Spa were caused by post-magmatic dissolution linked either to the emplacement of subvolcanic granodiorite intrusions during Late Badenian time or to the spatially associated Late Sarmatian epithermal system. Speleogenesis in metasomatic silicites in the Šobov area is related to hydrothermal processes associated with the pre-caldera stage of the Štiavnica stratovolcano in Late Badenian. events. Early type of veins developed during the precaldera stage and it is related to faults activated during subsidence of the caldera. Later type of veins developed in the post-caldera stage and they are related to faults associated with long-lasting horst uplift in the center of the caldera (Lexa et al., 1999; Lexa, 2001; Koděra et al., 2005) . The mountains also host several lenses of Middle to Late Triassic carbonates that are locally metamorphosed to marble in contact with magmatic intrusions. The intrusions were emplaced during early stages of stratovolcano evolution (Konečný et al., 1998a,b) (Fig. 2) . The central zone of the Štiavnica stratovolcano hosts caves in limestones and in andesites alterated to metasomatic silicites. Some caves have morphologic and mineralogic features of hypogene or hydrothermal origin.
The First Karst Cave
The First Karst Cave is located in the northern part of the Štiavnické vrchy Mountains, about 3 km south of the Sklené Teplice Spa on the southwest side of the Teplá Stream Valley (Figs. 1 and 2 ). Middle Triassic limestones and dolomites crop out in the area (Konečný & Lexa, 1984; Konečný et al., 1998a,b) . Based on our observations, these formations are Gutenstein dolomites and limestones and Steinalm limestones of the Hronicum Unit. Hydrothermal alteration occurred in each of these carbonate types, mainly along veins and stockworks. Steinalm limestones have been recrystallized to marble. The entrance shaft leading to the cave was dug by miners 200 to 300 years ago (Fig. 3A) . A natural cave opening to the surface is unknown. Original cave passages and several smaller geode-like cavities were encountered at the base of the shaft. Two blind adits were dug along ore veins that intersect the cave. The southern adit is 20 m long, and the shorter eastern adit is 16 m long. The length of the cave and adits is approximately 100 m with a vertical range of 21 m. The total depth from the entrance of the artificial shaft is 31 m (Ivan, 1991) (Figs. 3B and 3C) . From the bottom of the shaft, the cave is a down-sloping passage with several stair steps. In the upper segment, the passage is mostly 2 to 2.5 m high and 3 to 4 m wide. The cave pattern is controlled by faults of E-W and N-S directions (Bella et al., 2011a,b) .
The Šobov caves
The Šobov Cave and the Šobov Chimney are located in the Šobov silicite quarry on the slope of the Malý Šobov Mount (836 m), approximately 1 km north of the town of Banská Štiavnica and 1 km south of the Banská Belá village (Figs. 1, 2, 4A, and 4B). Both caves were encountered when an exploratory mine adit was dug between 700 m and 715 m a.s.l. Here, metasomatic silicite is the result of acid leaching and silicification of andesite porphyries by magmatic fluids associated with the emplacement of a subvolcanic diorite intrusion during the precaldera stage of the Štiavnica stratovolcano in Early to Upper Badenian (Štohl et al., 1994; Lexa et al., 1999; Konečný & Lexa, 2001; Lexa, 2001 ). The silicite is 95 to 98% SiO 2 , with pyrite, anatase and rutile accessory minerals (Polák, 1961 (Polák, , 1963 . Silicite is monotonous, composed almost entirely of fine-crystalline quartz accompanied by quartz veinlets (Oružinský, 1989) . In the upper part of the quarry, the silicites contain rare caverns. Laterally, silicites grade in to argillites that contain sericite, pyrophylite and pyrite.
The Šobov Cave is a steeply inclined oval cavity with several ceiling hollows and small cupolas. Its origin was controlled by a WNW-oriented zone of weakness. The cave is 3.5 m long with a vertical extent of 3 m (Figs. 4C and 4D ). The cavity is a fragment of a larger cave, but the upper part was destroyed during exploitation of the overlying quarry. The lower part of the cave was probably removed during excavation of the exploration mine adit (Bella et al., 2010 (Bella et al., , 2011a .
The Šobov Chimney, located 7 m south-east of Šobov Cave, is a vertical fissure cavity with a height of 6.3 m and width of 0.8 to 2.1 m (Fig. 4C) . It is controlled Lexa et al., 1999) , with location of the studied caves.
by a steep to near-vertical NNE trending fault. Blind cupolas occur in the upper part of the cave, and small quartz crystals are found in the fissure exposed by the cave. Quartz crystals several centimeters in size are also known from other fissures in the metasomatic silicites of this quarry (Bella et al., 2010) .
METHODS
Since 2010 our research in the Štiavnické vrchy Mountains has focused on documenting morphological and mineralogical evidence for the hydrothermal origin of the caves (Bella et al., 2010 (Bella et al., , 2011a . The orientations of structural-tectonic discontinuities in caves were compared to the pattern of faults and epithermal veins in the vicinity. Based on detailed observations and surveys, we have compared cave morphologies with indicators of hydrothermal speleogenesis (in sense of Bakalowicz et al., 1987; Ford & Williams, 1989 Dubljanskij, 1990; Palmer, 1991 Palmer, , 2007 Klimchouk, 2007; Audra et al., 2009b and others) .
Sample sets of hard, altered and crumbled rocks and minerals were collected in the caves. In the limestone First Karst Cave, samples of clays were obtained from filled fissures in the walls, and from partly filled passages. All of the samples were processed in a laboratory. The samples were treated with sodium acetate, hydrogen peroxide and sodium dithionite, and the clay fraction <2 μm was separated by sedimentation Samples sedimented on glass slides were analyzed with a Philips PW 1710 diffractometer (Cu-Kα radiation with a graphite monochromator) examining oriented and non-oriented preparates, as well as saturated with ethylene glycol to identify swelling layers. Oriented preparates allow clear identification of layered silicates (Šucha, 2000) .
Fluid inclusions in samples from the limestone First Karst Cave were studied using doubly polished wafers (~200 μm thick) prepared from calcite samples taken from geode-like cavities and cave walls. The observed inclusions were assigned a primary or secondary origin according to the criteria of Roedder (1984) . Stable carbon and oxygen isotope composition of carbonates was measured on an isotope ratio mass spectrometer MAT253 (Thermo) coupled through a continuous flow interface using the automated gas preparation and introduction system Gasbench. Samples of carbonate were micro-drilled from polished rock sections, sealed in borosilicate glass vials, flushed by helium and reacted for 24 hours with phosphoric acid at 26°C, using the method of McCrea (1950) In some places, the veins are filled with Fe-oxyhydroxides and goethite (ochre). The orientation of faults been preferably used. However, due to the limited number of clear fluid inclusion assemblages in the studied material some individual primary inclusions have been also used for microthermometry. Primary origin of fluid inclusions was indicated by random distribution of inclusion assemblages or individual fluid inclusions in calcite grains. Inclusions aligned on 3D planes cutting across the grains were avoided due to their probable secondary origin. The thermometric behavior of fluid inclusions was studied on a Linkam THMSG-600 heating-freezing stage at the State Geological Institute of Dionýz Štúr, Bratislava, Slovakia. The equipment was calibrated with natural fluid inclusions with pure CO 2 (-56.6°C), pure water (0°C) and inorganic standards (K 2 Cr 2 O 7 , 371°C). The precision and accuracy of the microthermometric measurements, based on standard calibration procedures, is estimated as ±0.2°C for the freezing runs and ±3°C for the heating runs. Salinity estimates are based on the last melting temperatures of ice in the system NaCl-H 2 O (Bodnar, 1993) . Fluid inclusions in large quartz crystals from caverns in the Šobov silicite quarry were studied by Oružinský and Hurai (1985) . and mineralized veins in the cave corresponds to the orientation of faults of the Hodruša-Štiavnica horst.
Probably, the First Karst Cave is the fragment of a larger three-dimensional cave system. Several smaller spherical hollows that were encountered during the excavation of the northern adit are geode-like cavities (in sense of Audra et al., 2009a) . Other geodes and geode-like cavities, visible in some cave walls, were intersected and integrated into the main cave passage during the main development phase of the cave. Numerous small cupolas, ceiling pockets and holes, upward-convex arches, and oval chimneys (Figs. 3C to 3F) occur in the main cave passage. The diameter of the spherical cavities in the ceiling mostly ranges from 30 to 50 cm. The chain of coalesced cupolalike forms and upward-convex arches that extends from the lower to upper part of the cave indicates that water circulated upward in the past. Rising wall channels with asymmetrical dissolution depressions are on some steep cave walls and below some ceiling spherical forms, and indicate ascending water flow. The vertical conduit in the lowest part of the cave resembles a feeder (in sense of Klimchouk, 2007) International Journal of Speleology, 45 (1), 11-25. Tampa, FL (USA) January 2016 through which fluids had been rising into the cave. These features are indentical with morphological indicators of hypogene or hydrothermal caves (see Klimchouk, 2007; Audra et al., 2009b; and others) . The original outlet from the upward-leading main cave passage onto the surface was probably enlarged by miners (remnants of solutional cavities are visible in the lower part of the entrance artificial shaft). Besides, several small natural cavities and caves with spongework morphology (e.g. Voštinová Cave), probably genetically connected with the studied cave, occur near the upper edge of the entrance artificial shaft. Other possible cave openings to the surface were filled and covered by slope sediments or destroyed by slope processes during younger landform development.
The Šobov Cave is a steeply inclined chimney with side cavities that are blind cupolas. Ascending flow of thermal fluids is indicated by a rising chain of cupolalike forms and large asymmetrical depressions in silicite walls ( Fig. 4D and 4E ). These speleogens are similar to transitional wall and ceiling features seen in hypogene limestone caves. The Šobov Chimney is controlled by an obvious NNE-oriented vertical tectonic fracture. Steep to vertical fractures in both Šobov caves controlled the ascending flow of thermal fluids. Smaller channels deepened into metasomatic silicites along fractures have been observed in other parts of the Šobov quarry (Fig. 4F) . The morphology of these caves indicates their hypogene or hydrothermal speleogenesis.
Cave deposits and their mineralogy
Distinct macroscopic features of hydrothermal alteration as a silicified bedrock and carbonate rocks replaced by high Fe silicites occur in the First Karst Cave (Fig. 5A ). Porous silicites of red color are common in cave passages and small side cavities in recrystallized host carbonates. Cave floors are mostly covered by brown clay sediments (Fig. 5B) . The host rock of the cave is massive pinkish-gray marble, correlative with Middle Triassic limestones and dolostones of the Fatricum unit. The isotopic composition of the host rock is homogenous across dimensions of the cave, with δ 13 C ranging between 1.1 and 2.8‰ and δ 18 O between -23.1 and -18.7‰. Intensively hydrothermally altered, light yellowgreen friable rock also occurs on cave walls (Fig. 5D ). Fissures and side cavities in the lower part of the cave are partially filled by very fine-grained sediments with alternating layers of yellow-ochre, brown and black color (Fig. 5E ). These sediments were locally redistributed and deposited in stagnant water conditions within the karstified carbonates. There are no stratigraphic or morphologic indicators of fluvial erosion and transport in these accumulations.
Results of the XRD analysis show that brown clayey material (Sample no. 1, Fig. 5B ) contains relatively high content of quartz and small quantity of carbonates. In the clay fraction we detected several layered silicates, mostly smectite and kaolinite (Fig. 6A) . Minerals of the illite group (for simplicity illite) are present in trace amounts. The light yellowgreen friable rock (Sample no. 2, Fig. 5D ) contains predominately illite with minor kaolinite (Fig. 6B) , and there is a relatively high content of calcite and quartz. Illite does not contain expandable layers (no change in XRD maxima after a saturation with ethylene glycol). The half-width of the first basal reflection is very low (about 0.2° 2θ), indicating a high ordering in relatively coarse illite crystals (Fig. 6C) . According to the dominant coloration, finegrained layered sediments (Sample no. 3, Fig. 5E ) can be separated into three subsamples consisting of yellow-ochre, brown and black material. The subsamples were analyzed separately. The yellowochre and black colored samples have the same mineral composition; they are dominantly formed by goethite (Fig. 6D) . The black coloration of some thin goethite layers cannot be explained by differences in mineral composition, but may be caused by an admixture of manganese. Fine-grained sediments of brown color have a mineral composition almost the same as brown clayed sediments on the floor of cave passages.
Three generations of secondary carbonate deposits were recognized: I) Geode cavities filled with druses of scalenohedral calcite of pale brown, pinkish to white colour up to 4 cm long (Fig. 5C ). The drusy aggregates are grown on an Mn-pigmented dark brown rim Microthermometry of primary fluid inclusions hosted in generation I calcite showed a relatively broad range of homogenization temperatures (Th) from 115 to 279°C (Figs. 8 and 9 ), however most of the data were in range from 115 to 168°C (mean value 137°C). Higher values of homogenization temperatures of some inclusions probably result from necking down of inclusions that was observed to affect some other inclusions in the analysed sample. All analysed fluid inclusions showed ice melting temperatures (Tm ice ) in range from -0.1 to +0.2°C, which shows the presence of very little salts dissolved in the fluids (~0 wt% NaCl eq.), indicative of predominance of meteoric component in the source water. The positive values of ice melting temperatures are most likely related to the limited accuracy of stage calibration (± 0.2°C) rather than metastability of ice on heating.
Primary fluid inclusions in generation II calcite also showed a broad range of Th values from 112 to 199°C (Fig. 9) , with most of the data in range from 143 to 169°C (mean value 153°C). Again, the highest Th values are most likely related to stretching of some inclusions on heating. Most measured Tm ice values were close to 0°C (-0.1 to +0.2°C), indicative of pure water (~0 wt% NaCl eq.), but lot of inclusions showed Table 1 . Stable C and O isotope values are plotted in profiles from intact host rock through alteration zones to subsequent mineral fills. Relative chronology of the stages I, II and III is established by their truncation and superposition. decreased values down to -1.3°C, corresponding to salinities of 2.2 wt% NaCl eq. Increased salinities show slight positive correlation with corresponding homogenization temperatures (Fig. 9) , which can be interpreted as mixing with a hydrothermal fluid containing small amount of magmatic component. Stable C and O isotope measurements focused on three generations of secondary carbonate fills. Figure 7 shows the relationship of carbonate fills to the host rock and the alteration zones. Both oxygen and carbon isotope delta values show very large spans. Most notable are distinct isotope shifts across both alteration zones, towards lighter carbon in generations I and II, and heavier oxygen in generation II. Ranges of isotope compositions are summarized in Table 1 IIb calcite rhombs covered by laminated crust -7.7 → -8.5 -7.6 → -5.6
IIc needle crystals of aragonite -7.5 → -8.3 -8.0 → -7.0 III late flowstones and soda straws -7.9 to -10.4 -8.4 to -10.4
Note: Ranges of isotope delta values are indicated by "→" where a distinct trend exists from older to younger laminae, or by "to" where a trend is absent. Table 1 . Ranges of isotope compositions of the host rock and three generations of secondary cave carbonates (labelling corresponds to zones sketched in Fig. 7 ).
INTERPRETATION AND DISCUSSION

Hydrothermal speleogenesis in basement carbonates of the stratovolcano
The carbonate host rocks of the First Karst Cave correlate with marine Middle Triassic limestones. Marine isotope signature of carbon is roughly preserved (1.0 to 2.9‰) while that of oxygen is totally obliterated, being more than 20‰ depleted against Middle Triassic values (-5 to 0‰) (Veizer et al., 1999; Korte et al., 2005) . Apparent recrystallization of rock and large scale alteration of the original oxygen isotope composition suggest equilibration with a large and penetrative water reservoir at elevated temperatures. Unfortunately the isotope composition of the circulating water remains unknown due to lack of indicators of metamorphic grade in the marble.
Isotope compositions of waters depositing calcite of both generations I and II may be calculated from isotope compositions of calcites at homogenization temperatures of their fluid inclusions, using fractionation factors of O'Neil et al. (1969) and Ohmoto and Rye (1979) for fractionation of oxygen between calcite and H 2 O and carbon between calcite-CO 2 , respectively. At given temperatures, CO 2 is assumed as dominant carbon bearing species in the fluid.
For generation I, with calcite composition δ 18 O = -27.3 to -16.2‰ and δ 13 C = -5.5 to -1.5‰, and temperatures between 115 and 168°C with mean at 137°C, equilibrium water has δ 18 O -13.4 to +2.5‰ and equilibrium CO 2 has δ 13 C -8.7 to -2.3‰. Using mean temperature yields ranges δ 18 O -11.3 to 0.2‰ and δ 13 C -7.6 to -3.6‰. Light oxygen isotope values probably reflect substantial meteoric component in fluids. However, the presence of heavier oxygen of some analyses may reflect participation of a minor magmatic component in hydrothermal fluids and/or oxygen isotope exchange of heated meteoric waters with volcanic rocks in the vicinity of the cave.
In generation II calcite rhombs and crusts have composition δ 18 O = -7.5 to -5.6‰ and δ 13 C = -8.5 to -7.7‰, and fluid inclusion temperature range from 143 to 169°C with median at 153°C. Water in equilibrium with calcite at this conditions would have δ 18 O +9.6 to +13.4‰ and δ 13 C -10.3 to -8.5‰, and using mean temperature the ranges are δ 18 O +10.3 to +12.3‰ and δ 13 C -9.9 to -9.1‰. The source of fluid may be meteoric water strongly modified by isotope exchange with rockforming minerals during deep circulation. Solutional shapes of cavities -both small-scale geodes and large-scale main passage -with secondary carbonates suggest, that the fluids at certain point in their evolution turned from corrosive to depositing, probaby due to pH increase. Close after this "switch", the temperature and isotope composition of depositing fluids were probably not far from former corrosive fluids, responsible for cavity formation.
The hydrothermal origin of the First Karst Cave is evidenced by irregular spherical morphologies sculptured by rising thermal water, fluid inclusions in calcite crystals, hydrothermal alteration of host rocks and clays of hydrothermal origin composed variably of smectite-kaolinite and goethite.
Mineral association and paleotemperature data show that hydrothermal processes were probably active in several phases (Table 2) . A multiphase dissolution of carbonates is documented by the remains of several partially denuded fills in older geodes, geode-like cavities and ceiling hollows that are now integrated into larger, younger cupola-like cavities and main cave passage.
Hydrothermal phases of cave development consists of dissolution of carbonates by fluids of variable temperatures. Fluid inclusions hosted in large calcite crystals of the zone Ic-Id, also in geode-like cavities (Fig. 6) , indicate crystallization temperatures in range from 115 to 170°C. Primary fluid inclusions in generation II calcite indicate crystallization temperatures in range from 112 to 180°C. The smectite-kaolinite and goethite mineral associations probably formed at temperatures less than 100 to 150°C (see McDowell & Elders, 1980; Reyes, 1990; Šucha et al., 1993; Šucha, 2000) . The occurrence of smectite indicates a low-acid to neutral environment with pH 5-7, while the occurrence of kaolinite is linked mainly with solutions with low pH values between 2-4 (Giese, 1988; Lahodny-Sarc et al., 1993) .
Quartz crystals in fissures, exposed by the cave, originated from hot fluids with temperatures probably of at least 200°C, as indicated by fluid inclusion data from vein quartz in this ore field (Julényová, 1996; Lexa & Koděra, 2010) . The illite mineral association, contained in the light yellow-green friable rock on cave walls, is a typical product of hydrothermal alteration of rocks. The thickness of coherent diffracting domains without expanding interlayers indicates temperature of hydrothermal fluids close to 300°C (see Eberl et al., 1998; Šucha, 2000) . The origin of quartz crystals and illite mineral association has been connected with the hydrothermal origin of adjacent large epithermal vein system (before the formation of the cave).
Hydrothermal processes responsible for the origin of the First Karst Cave were most likely part of a complex extensive hydrothermal system forming hydrothermal ore deposits 3 km from the cave. The hydrothermal deposits evolved during various stage of the development of the Štiavnica stratovolcano in Badenian to Sarmatian time (Lexa et al., 1999; Lexa, 2001) . The deposits include pre-caldera stage skarn-porphyry systems (Sklené Teplice -Vydričná Valley and Kozí Hill) and post-caldera stage Ag-Au epithermal vein systems (Windischleuten vein). The Sklené Teplice system is believed to have caused silicification of carbonates north of the cave at Bukovec, while the Windischleuten vein system south of the cave is related to the horst uplift in the center of the caldera. The northwest part of the Windischleuten vein encroaches into Triassic limestones, dolomites and siliceous sediments of the Veľký bok Group (Lexa et al., 1997) , in which the First Karst Cave is developed.
Fluid inclusion petrography and microthermometry and clay mineralogy of both systems are similar and partially overlap with data obtained for the cave. Silicified zones from Bukovec contain fluid inclusions with salinities from 1.0 to 5.6 wt% NaCl eq. and two different ranges of homogenization temperatures (Julényová, 1996) . The upper range (200 to 240°C) corresponds to major crystallization of quartz, followed by a lower temperature, less significant crystallization stage (150 to 180°C). Paleofluids from the Windischleuten vein system have not yet been studied. However, there exist fluid inclusion data from a similar Au-Ag vein systems in the neighboring areas of Hodruša and Vyhne (Lexa & Koděra, 2010 5 wt% NaCl eq. and homogenization temperatures ranged from 150 to 310°C, depending on the stage. Calculated oxygen isotope data of water in equilibrium with generations I and II calcite from the cave can be also compared to published isotope data from skarn-porphyry and Ag-Au epithermal systems in the central zone of the Štiavnica stratovolcano. Data from Sklené Teplice and from Windischleuten are not available, however, data can be compared to similar coeval systems in this ore district. Hydrothermal fluids at the skarn-porphyry system Vysoká-Zlatno showed mostly strong magmatic signature (-4.2 to +12.5‰ δ 18 O) (Koděra et al., 2010) , but Ag-Au epithermal system at Všechsvätých Ag-Au vein showed significantly lighter oxygen isotope signature (-3.1 to 1.1‰ δ 18 O fluid ), indicative of significant meteoric component in the fluids (Koděra et al., 2007) . Data from calcites from the First Karst Cave (-13.4 to +2.5‰ δ 18 O fluid for generation I and +9.6 to +13.4‰ δ 18 O fluid for generation II) overlap with data from both neighbouring systems.
In conclusion, neither fluid inclusion nor stable isotope data made clear which of the two neighboring systems was responsible for the origin of the First Karst Cave. However, the presence of vein mineralisation intersecting the cave indicates that the post-caldera epithermal system is slightly more likely.
In both hydrothermal environments the low salinity of fluids can be attributed to dilution of magmatichydrothermal fluids by mixing with meteoric waters during their ascent from depth (Julényová, 1996; Lexa & Koděra, 2010) . Thermal waters rising along deep faults were saturated with CO 2 from magmatic and volcanic activity. Their solutional aggressiveness could be maintained, renewed or enhanced by decreasing temperature (the inverse relationship between calcite solubility and temperature, even at constant CO 2 levels; see Palmer, 1991) and mixing of waters of contrasting chemistry (in sense of Bögli, 1964) , mainly at shallow depths (see Dublyansky, 2000 and others) . The post-magmatic hydrothermal dissolution of carbonates was responsible for the development the First Karst Cave. During the formation of this cave Middle Triassic host carbonates in the area were covered by fractured volcanic or volcanoclastic rocks of unknown thickness.
After hydrothermal phases with the most intense dissolution of carbonates and the dominant enlargement of underground passages and cavities, older carbonate deposits in the cave were truncated and partially dissolved in phreatic conditions. Clayey sediments were redeponed and deposited in slowly moving to stagnant water (Table 2) . Finally, downcutting of the stream valley extended below the elevation of the cave and the current vadose development phase began. During the youngest vadose phase, water from precipitation that seeps into the cave has not altered older corrosion forms on the bedrock walls and ceilings.
In the area surrounding the First Karst Cave, hydrothermal processes are still active. Hot geothermal waters (33 to 35°C) within the hydrogeological structure near Sklené Teplice Spa are connected to Triassic carbonates and ascend along two crossing faults. One fault is NNE-oriented and bounds preTertiary rocks of the Hodruša-Štiavnica horst from the west. The second is a transverse fault oriented WNW that bounds the Bukovec block (Remšík et al., 2001 and others) .
Analogous examples of hydrothermal speleogenesis associated with metallogenesis of ore deposits (caves originated by a post-magmatic dissolution of metamorphosed carbonates) are known from the Romanian Carpathians (Mârza & Silvestru, 1988; Onac, 2002; Onac & Damm, 2002; and others) . Hydrothermal or mixed hydrothermal/vadose origin of skarn hosted caves of the Băiţa metallogenic district in the Bihor Mountains is related to a deep-seated Upper Cretaceous granitic pluton (Onac, 2002) . In the NE part of Greece, the early genesis of Maronia Cave is related to an andesite intrusion during Miocene that generated ascending thermal fluid circulation in Middle Eocene numulitic limestones causing development of hypogenic solution voids (Vaxevanopoulos & Melfo, 2010) .
Hydrothermal speleogenesis in metasomatic silicites
In the two investigated caves in the Šobov silicite quarry, spherical morphology sculptured by ascending fluids, hydrothermal alteration of host rocks and the occurrence of quartz crystals are distinct indicators of hydrothermal origin. Speleogenesis in the Šobov silicites was caused by hydrothermal processes during the pre-caldera phase of development of the Štiavnica stratovolcano in Upper Badenian.
The Šobov paleohydrothermal system is a typical hydrothermal system associated with high temperature (> 200°C) magmatic fluids of high oxidation state (well known in Economic Geology as "high sulfidation" or "acid sulfate" systems), related here to the emplacement of a diorite intrusion in the footwall of the altered andesite (Lexa et al., 1999) (Fig. 10) . Hydrothermal systems of this type form in two stages (Sillitoe, 1989; Hedenquist & Arribas, 1999 ). The first (major) stage is related to upflow of magmatic fluids containing HCl, SO 2 and HF that within the central upflow column condense into the hydrothermal system, forming H 2 S and H 2 SO 4 and a very acidic (pH 1-3) solution (Rye et al., 1992) . This acidic fluid is capable of leaching most of the major elements from the host rock, resulting in vuggy textures. Highly siliceous rock is either porous and vuggy or massive and dense, the latter largely due to silicification of the residual quartz developed due to leaching (Simmons et al., 2005) . Cavernous and metasomatic silicites occur in the center of the system, surrounded by argillized rocks affected by advanced argillic style of alteration (including alunite, pyrophyllite, dickite and quartz). The origin of caverns and caves in the Šobov area is probably related to this early stage of leaching. Acids reacted here with andesite, altering it to metasomatic silicite that is locally cavernous, especially in its upper part. The mushroom-shaped body of metasomatic silicite is surrounded by a zone rich in illite, pyrophylite, and pyrite (Uhlík & Šucha, 1997; Uhlík et al., 2001) . The presence of pyrophylite indicates a temperature of more than 270°C, while the amount of pyrophylite and pyrite decreases with the increasing distance from the silicite body.
The second stage is caused by penetration of more neutral fluids, possibly with a meteoric component. In the Šobov hydrothermal system these fluids were responsible for precipitation of quartz crystals in cavities and local opal/chalcedony veins in upper part of the system. Oružinský and Hurai (1985) published data on microthermometry of fluid inclusions in quartz crystals from several cavities in the quarry. Homogenization temperatures ranged here from 200 to 300°C (with a maximum between 250 to 270°C) and salinities were lower than 2.7 wt% NaCl eq., with major components NaCl and KCl. These data indicate a minimum depth of origin 660 m beneath the paleosurface (Oružinský & Hurai, 1985) . One independent low-temperature pulse at 150°C was also detected by Oružinský and Hurai (1985) . In deeper parts, these more neutral fluids may be responsible for minor disseminated metal mineralization (Lexa et al., 1999) . Cavities in metasomatic silicites were filled by minerals precipitated from flowing and cooling fluids. Later, these fills were washed out by posthydrothermal waters.
From a genetic and geochemical viewpoint the described deep-seated speleogenesis in metasomatic silicites of the Šobov area differs from the cave origin in siliceous rocks by weathering dissolution process called "arenisation" and subsequent mechanical erosion caused by underground flowing waters. This lithologically specific cave origin is initiated by hydration of quartz or by incongruent dissolution of silicate minerals controlled by the pH of the associated solution. The dissolution of quartz by meteoric waters along joints in silicates, or along crystal boundaries, leads to weathering of silicite into soft "neosandstone", and eventually into sand (Martini, 1979 (Martini, , 2000 (Martini, , 2004 Jennings, 1983; Piccini & Mecchia, 2009; Wray, 2010; Mecchia et al., 2014; and others) . The presence of gypsum and pyrophyllite led Zawidzki et al. (1976) to propose that some caves in quartz-sandstones of the "tepui" table mountains in Venezuela were the result of a low-grade metamorphic event with related rising hydrothermal fluids possibly enriched in H 2 S. But local minor variations of the S isotopic signature may be related to additional minor sources of reduced sulphur from peat bogs and decomposed vegetation. In these settings, there is no need to invoke hydrothermal events or oxidation of sulphides in the host rock for the formation of gypsum (Sauro et al., 2014) .
CONCLUSION
The First Karst Cave is a remarkable example of a hydrothermal limestone cave associated with Miocene volcanic and magmatic processes in central Slovakia. The cave originated in hydrothermally altered rocks, characterized by cupolas, ceiling pockets and holes, chimneys, geode-like cavities with idiomorphic calcite crystals and clays of hydrothermal origin. Mineral associations indicate two phases of hydrothermal activity within the cave formation when smectite, kaolinite, goethite and secondary carbonates of generations I and II were formed. The origin and development of this cave was multiphase and multiprocess, related to multiphase dissolution of carbonates. This conclusion is based on remains of partially denuded fills in older geodes and geode-like cavities cut by larger and younger ceiling hollows and main cave passage. The main phases of intensive dissolution of carbonates by hydrothermal fluids resulted in development of hypogene cavities and passages. This was followed by a post-hydrothermal phreatic phase, and finally vadose phase that did not made striking changes in the original cave morphology.
The caves in the Šobov quarry are associated with magmatic-hydrothermal activity. They are a rare occurrence of hydrothermal caves in metasomatic silicites and are the only known hydrothermal silicite caves in Slovakia. Their origin is related to deep-seated hydrothermal processes related to a diorite intrusion in the northern part of central zone of the Štiavnica stratovolcano during its pre-caldera evolution phase in Upper Badenian.
